1. Coarctation -in a neonate with this condition, one must not try to achieve complete abolition of cyanosis and a saturation of 75 to 85 percent can be adequate to avoid tissue hypoxemia and eventual lactic acidosis. 2. Severe ebstein's anomaly -Usually surgical management strategies are based on tricuspid valve regurgitation and degree of cyanosis. If cyanosis alone is the dominant symptom, a systemic to pulmonary artery shunt alone is performed. 3. Total anomalous pulmonary venous connection and prostaglandin infusion -Routinely, cyanotic CHDs with severe hypoxemia can be put on prostaglandin infusion without any harm before sending them to a tertiary cardiac care center, when the facility for echocardiography is not available and exact diagnosis cannot be made. However, there are some concerns regarding its use in total anomalous pulmonary venous connection (TAPVC) especially the obstructed type. PGE1 could produce adverse effects by two mechanisms: -By increasing the cyanosis and hypoxemia of systemic circulation: When the pulmonary arterial pressure is higher than that in the aorta, dilatation of the DA may result in an increase in right-to-left shunt and would increase in the degree of cyanosis.
-By direct pulmonary vasodilatation leading to altered Qp/Qs. usually, it might be expected that the ductus response to PGE1 would predominate and cyanosis may be expected to worsen.
IMPLICATION OF CYANOSIS IN A CHILD/ADULT:
Cyanosis in VSD: Combination of VSD, pulmonary vascular disease and cyanosis has been termed as, 'Eisenmenger complex'. Pulmonary vascular disease and cyanosis in combination with any other systemic-topulmonary connection has been called Eisenmenger syndrome. Despite similar cyanosis, patients with Eisenmenger syndrome show less exercise performance, more ventilation-perfusion mismatch and a worse quality of life when compared to complex cyanotic CHD patients with pulmonary stenosis who are protected from severe pulmonary vascular disease. Initially cyanosis is internment only during exercise, due to the fall in SVR. Later, the right to left shunt occurs at rest with persistent cyanosis. Infants with nonrestrictive VSDs with balanced shunts may become cyanotic on crying or exercise.VSD with later development of RVOT develops cyanosis.
Cyanosis in PDA:
Eisenmenger Syndrome. Characteristic feature is the presence of Differential cyanosis occurs (pink fingers, blue toes).In a large PDA with mild cyanosis in a child, which previously was considered as inoperable or percutaneous closure was considered as contraindicated, now can be tested with temporary occlusion of PDA with balloon and then calculated the cardiac output and measure the right a trial pressure and tolerance of the patient can be tested. Extrapolation of these criteria to the older adult with RV dysfunction and cyanosis is unsubstantiated, but serves as a guide for at least acute testing of physiologic tolerance.
Cyanosis in ASD:
Eisenmenger syndrome. Cyanosis is secondary to direction of deoxygenated blood from the IVC through prominent Eustachian valve or the besian valve through the defect to the left atrium or the presence of Common atrium/ TAPVC or PAPVC. Cyanosis in AV canal defects: Right ventricle-left atrial shunt could be a cause of cyanosis in a child with partial AV canal defect with normal pulmonary artery pressure. A patient of complete AVSD with normal venous drainage and with cyanosis and clubbing in the absence of right ventricular outflow tract obstruction is clearly inoperable.
CYANOSIS -PART 2 CONTINUATION OF CYANOSIS PART 1
Maddury Jyotsna, B. Srinivas, Nemani Lalita Cyanosis in tricuspid atresia: This is the most common cause of cyanosis with left ventricular hypertrophy. An infant with markedly decreased pulmonary blood flow will present early in the neonatal period with severe cyanosis, hypoxemia and acidosis. An infant with markedly increased pulmonary flow does not have significant cyanosis, but usually presents with signs of heart failure. Patients with pulmonary atresia (Subgroup a) irrespective of the type will also present with early cyanosis, especially when the ductus begins to close. Intense central cyanosis suggests restrictive ASD, while intense peripheral cyanosis with severe metabolic acidosis in the newborn indicates inadequate ductus arteriosus. Cyanosis is exaggerated in tricuspid valve stenosis or regurgitation. Eventually, left heart failure may develop due to prolonged cyanosis, interventricular dependence and left heart fibrosis.
Asymptomatic cyanotic newborn do not need any active treatment unless cyanosis is severe. Treatment consists of temporarily keeping the PDA open using prostaglandin (PG) E1 infusion (0.05-0.1 mcg/kg/min) until PVR drops. Restrictive PFO/ASD may require balloon a trial septostomy in order to stabilize the baby for further management. While this may relieve systemic venous congestion, one should be aware of the increase in cyanosis that may occur due to increased right to left shunting at the atrial level after septostomy.
Indications for surgery in newborns and infants with cyanosis and congestive heart failure (CHF) are not clear and the decision to perform surgery should be individualized. Significant cyanosis (80% or less; Hemoglobin 16 gm % or more) in older child or adult is an indication for surgery. Pregnancy is well tolerated if the patient does not have cyanosis, right heart failure or arrhythmias.
Cyanosis in pulmonary valve disease:
In a neonate with severe valvular PS, the pulmonary flow may be completely duct dependent i.e. functional pulmonary atresia. Neonates with critical PS present with cyanosis, CF, hypotension, feeding difficulty, tachypnea, without appreciable murmur. The affected neonate has cyanosis, congestive heart failure and hypotension. Any increase in oxygen demand, such as exercise, may result in frank peripheral cyanosis. Rarely, children with severe PS may maintain patency of the PFO allowing right-to-left shunt at times of peak exercise (exercise-induced cyanosis). In patients with a patent foramen ovale or atrial septal defect, central cyanosis is observed as a result of rightto-left atrial shunting when the right atrial pressure exceeds the left atrial pressure. Progressive hypertrophy and decreased compliance of the right ventricle or myocardial failure with subsequent dilation may lead to central cyanosis in some patients.
PS WITH INTERATRIAL COMMUNICATION:
1. The exertional dyspnea generally precedes the onset of cyanosis and is out of proportion to the cyanosis. 2. Cyanosis of varying degree can present from birth to later in life. a. Patients with critical PS present with cyanosis at birth. b. In the TOF patients, the cyanosis and dyspnea are directly proportionate to each other and usually appear in early infancy. c. In the degree of cyanosis, trilogy of Fallot patients occupy an intermediate place between TOF and Eisenmenger syndrome (In tetralogy cyanosis occurs 2-3 month after birth, all cyanotic by 5-8 years, even on rest, in contrast in triology cyanosis usually in late childhood, puberty or adulthood, mild cyanosis appears on exertion initially).
Cyanosis in mitral atresia:
Cyanosis is due to pulmonary stenosis or atresia. Adequacy of pulmonary blood flow determined by pulmonary outflow tract obstruction, size of patent ductus arteriosus, pulmonary vascular resistance and degree of restriction at the atrial level shunt. Causes of death included heart failure, cyanosis and septicemia.
Cyanosis in interruption of aortic arch:
Differential cyanosis will be present. The differential cyanosis may or may not be clinically appreciated, better to do exercise to bring out.
In TGA as the pulmonary artery is connected to the left ventricle, it carries the more oxygenated blood. The lower half of the body will have higher oxygen saturation compared to the upper part of the body in a condition known as reversed differential cyanosis. In neonates with significant lung disease and pulmonary hypertension due to the pulmonary venous desaturation, reversed differential cyanosis may not be apparent. In the presence of an aberrant right subclavian artery arising after the interruption, the oxygen saturation measured on the right arm may not be different from those measured in the lower extremities. Cyanosis due to vascular sling: Cyanosis is seen due to Brachiocephalic Artery compression of Airways.
Cyanosis in TOF:
The degree of right ventricular outflow tract obstruction (RVOT) often correlates with the degree of cyanosis. In less severe cases, cyanosis is first noticed during crying. Typical spell is characterized by progressive increase in the rate and depth of respiration, deepening cyanosis, limpness or syncope. Cyanosis in TOF is determined by the severity of pulmonary stenosis and also to a lesser extent by systemic to pulmonary collaterals. In the case of pulmonary atresia, cyanosis sometimes may be absent due to systemic pulmonary collaterals.
Unoperated adults with tetralogy of Fallot (TOF) have high morbidity. They may present with progressive cyanosis, atrial arrhythmias, impaired biventricular function causing heart failure, paradoxical emboli through intracardiac shunts leading to thromboembolic events and cerebral abscesses. Progressive cyanosis and complications associated with prolonged cyanosis are associated with the long-term residua and sequelae after palliated shunts.
One of the causes of congestive heart failure on TOF post repair is prolonged cyanosis in patients with late repair along with long-standing shunts, poor myocardial preservation during multiple surgeries and right heart failure due to severe pulmonary regurgitation.
Cyanosis in pulmonary atresia with intact ventricular septum: Cyanosis is the most common presentation. The spectrum of presentation ranges from cyanosis evident after ductal narrowing/closure in a neonate to congestive cardiac failure in a pink child. Some children have balanced circulation and present late with cyanosis and exertional dyspnea.
CYANOSIS IN DORV:
1. VSD type of DORV -They may have mild cyanosis or no cyanosis at all. Mild cyanosis may be present from decreased pulmonary blood flow due to either pulmonary artery ostial stenosis or high pulmonary vascular resistance that is usual in neonatal period (Fig 1) . Cyanosis resolves when the pulmonary vascular resistance decreases with transition to neonatal circulation. In older children, cyanosis develops again as Eisenmenger syndrome occurs with development of pulmonary vascular obstructive disease. If the pulmonary blood flow is normal or diminished due to anatomic pulmonary artery stenosis or persistence of high pulmonary vascular resistance, the child will present without features of heart failure or respiratory distress. There may be mild cyanosis, however 
CYANOSIS IN D-TRANSPOSITION OF GREAT ARTERIES:
Simple transposition of great arteries usually presents in the neonatal age group with severe cyanosis. In a simple TGA, reverse differential cyanosis will be present: the postductal saturation will be higher than the preductal one. Presence of a VSD is not an insurance against cyanosis, as flow of blood across the VS will be predominantly unidirectional. Severe cyanosis accompanied by (paradoxically) increased pulmonary vascular markings on chest radiograph is a pointer to the diagnosis of DTGA. While a Rastelli repair in early infancy protects from prolonged cyanosis, the infantsized conduit needs more reoperations for replacement over a lifetime. Baffle leak after atrial switch operationRight to-left shunts are clinically more significant if they are contributing to worsening systemic arterial oxygenation and cyanosis.
Cyanosis in cTGA: Cyanosis may be seen in patients with significant left ventricular outflow tract (VT) obstruction associated with a VSD in cTGA.
CYANOSIS IN SINGLE VENTRICLE:
The most frequent presenting symptom is cyanosis since birth. Cyanosis may not be very obvious if the patient has increased PBF. In neonates with single ventricle and subpulmonary stenosis/ atresia marked cyanosis, metabolic acidosis develops and they become critical as the ductus closes.
In a post bidirectional Glenn shunt child presenting with cyanosis, it may be due to nonfunctioning Glenn or significant descending venoenous collateral decompressing the Glenn shunt. In fenestration in the intra-atrial tunnel at the time of TCPC for patient with increased risk for surgery will have mild cyanosis.A considerable percentage of small fenestrations will close spontaneously later on. In patients with persistently patent fenestration and mild cyanosis it remains controversial whether the interventional occlusion is required later. In patients with increasing cyanosis during exercise, transcatheter device occlusion of fenestration is recommended in the presence of appropriate hemodynamic. In fonton circulation, if cyanosis develops, careful angiographic assessment of the circulation is required. Right-to-left shunts through venous collaterals may be emblazed or intracardiac shunts closed. However, sealing the 'release valve' from the high-resistance pulmonary circulation may reduce cardiac output and cause systemic venous congestion. Following fonton's, worsening cyanosis may be due to a) Existence of surgically created communication (fenestration), b) Development of collateral arteriovenous circulation (systemic and pulmonary). The development of pulmonary arteriovenous malformations is described in up to 25 percent of patients post-Glenn shunt leading to progressive cyanosis.
CYANOSIS IN HYPOPLASTIC LEFT HEART SYNDROME :
As the ductus arteriosus begins to close (normally over the first 244 hours of life), symptoms of cyanosis, tachypnea, respiratory distress, pallor, lethargy, metabolic acidosis, and oliguria develop. 
CYANOSIS IN ENDOCARDIAL FIBROELASTOSIS:
There is no cyanosis, but peripheral cyanosis may be seen in severe cases of heart failure.
CYANOSIS
IN PULMONARY ARTERIAL HYPERTENSION: These patients may have cyanosis which worsens with exercise. Cyanosis is a late finding and usually attributable to a markedly reduced cardiac output, with systemic vasoconstriction and ventilationperfusion mismatch in the lung and rarely due to the right to left shunting across the stretched patent foramen ovale. PAH associated with systemic to pulmonary shunts, no cyanosis is present at rest. In post-tricuspid shunts congestive cardiac failure CC occurs in infancy and cyanosis can occur later in the second decade, once goes into Eisenmenger stage (ES). In complex cyanotic CHD (single ventricle, truncus etc) the cyanosis is progressive throughout life. In ES, A right to left shunt at atrial level even augments left ventricular filling and may prevent heart failure during exercise, however, it is at the expense of cyanosis during exercise.
CYANOSIS AND INFECTIVE ENDOCARDITIS:
The presence of cyanosis in CHD adds tremendously to the overall risk of developing IE. Among unrepaired cardiac defects, the lifetime risk for IE in cyanotic CHD is up to 8.2 cases per 1,000 patients per year, while the lifetime risk for IE in a cyanotic CHD is 1.7 to 2.4 cases per 1,000 patients per year. 
INFANTS WITH HEART FAILURE + MILD CYANOSIS:

Truncus arteriosus
CYANOSIS AND PRE-OP EVALUATION:
Cyanosis and congestive heart failure (CHF) are two clinical states that can produce adverse pathophysiological consequences. For children with cyanotic lesions, questions should be directed at determining:
1. Is the cyanosis static, progressive, intermittent, or continuous.
New onset of cyanotic spells?
3. Evaluation of arterial blood gas (ABG) along with serum lactate level should be reserved for the children with, suspected respiratory compromise or severe cyanosis.
PRECAUTIONS TO BE TAKEN DURING SURGERY IN A CYANOTIC PATIENT:
Inhalational anesthetic during surgery, because of their propensity to cause peripheral vasodilatation, may result in increased shunt and cyanosis in children with right-to-left shunts. Inhaled sevoflurane is generally well tolerated and is the preferred approach in children without intravenous access. Patients with reduced PBF have a delay in anesthetic uptake. In extreme cyanosis, sevoflurane, because of its reduced solubility, may not achieve an adequate alveolar concentration to fully induce anesthesia. Halothane, because of its greater solubility, would be more efficacious in extreme cyanosis.
POSTOPERATIVE
MANAGEMENT IN A CYANOTIC PATIENT:
Aspirin for pain management -The risks may be greater in children than in adults because of the presence of collateral vessels, increased venous pressure, coagulopathy related to cyanosis, and the use of aspirin. In children with CHD, especially those with cyanosis or systemic hypoperfusion, coagulation factors often continue to be depressed secondary to impaired hepatic protein synthesis
POSTSURGICAL CYANOSIS:
Post TOF intracardiac repair with PA conduit: Presence of right to left shunting at the level of systemic veins to pulmonary veins, atrial baffle leaks, patent foramen ovale, and PA to pulmonary veins should be explored. Pulmonary venous desaturation in the setting of pulmonary venous hypertension due to (a) systolic or diastolic subaortic ventricular failure, (b) AV valve regurgitation, (c) intravascular obstruction or extravascular compression by an enlarging RA or PA should be explored.
CYANOSIS IN CATH LAB:
Malignant hyperthermia can occur in the catheterization laboratory, particularly when halothane and/or succinylcholine are used in patients receiving general anesthesia. This is an autosomal dominant condition, which results in a rapid and marked rise in body temperature, tachycardia, tachypnea, respiratory and metabolic acidosis, cyanosis and eventually generalized muscle rigidity and myoglobinuria.
Cyanosis is an indication for closure of PFO:
In the following diseases, if cyanosis is there then PFO closure percutaneously is indicated.
1. Platypnea-orthodeoxia. 2. Following a pneumonectomy. 3. Right ventricular malfunction associated with congenital heart defects. 4. Right ventricular malfunction associated with chronic obstructive pulmonary disease 5. Right to left shunt following a right ventricular myocardial infarct.
CYANOTIC FEMALE AND PREGNANCY:
Siu et al described a risk index scoring system to predict the risk of adverse maternal events. In order to calculate the score, the risk index awards one point each for -Poor functional status (NYHA FC > II), -Cyanosis (oxygen saturation < 90%), -LVsystolic dysfunction, -Left heart obstruction -History of cardiac events prior to pregnancy including arrhythmias, stroke, or pulmonary edema. Maternal cyanosis is a fetal risk factor for wastage (6-27%), prematurity and dysmaturity. Occurrence of CHD in the offspring varies from 2 to 18 percent. One of the highest thrombotic risk groups includes those women with CHD with cyanosis or fontan procedure and cautioned against the use of combined hormonal contraceptives. Ebstein's female, in the absence of significant maternal cyanosis or arrhythmia, pregnancy is usually well tolerated
CYANOTIC PATIENT AND EXERCISE:
The main determinants of exercise tolerance besides the severity of the underlying CHD lesions are ventricular function, pulmonary hypertension, cyanosis and arrhythmias. The cyanosis worsens with effort due to increasing hypoxemia (decrease in oxygen saturations measured by pulse oximetry). Even after palliative procedures that relieve the cyanosis at rest, exercise tolerance may still be depressed due to hypoxemia with moderate to heavy exercise.
CHRONIC SEQUELAE OF CYANOSIS:
1. Defective hemostasis--abnormalities in platelet function, coagulation and fibrinolytic systems. 2. Secondary polycythemia and consequent complications. 3. Contrast-induced acute tubular necrosis and vascular thrombosis due to lessen glomerular filtration rate and increase viscosity. 4. The paucity of atherosclerosis -may be due to hypercholesterolemia that persists after surgical elimination of the cyanosis. 5. Cholelithiasis and asymptomatic gallstonesprevalence are significantly high in cyanotic CHD patients regardless of cardiac repairs. In addition to prolonged cyanosis in these patients, exposure to frequent cardiopulmonary bypass during surgeries and thrombocytopenia might influence gallstone formation in adults with CHD. 6. In patients with cyanotic conditions, the long-term compensation for chronic cyanosis shows a major redistribution of organ perfusion with selected blood flow to the heart, brain, lung, and kidney and decreased flow to the splanchnic circulation, skin, muscle, and bone. 7. Chronic cyanosis is associated with increased work of breathing in an attempt to increase oxygen uptake and delivery. 8. Often, patients whose pulmonary blood flow is dependent entirely on a surgically created systemic to pulmonary artery shunt or on one or more native, systemic to pulmonary artery collateral arteries will develop increasing cyanosis over time or occasionally acutely clot or otherwise close off.
COMBINED CYANOSIS:
In cardiogenic shock with pulmonary edema there may be a mixture of both types.
DIFFERENTIAL CYANOSIS:
Patient will have cyanosis that is more intense in the feet than in the hands. With pulse oximetry, if the pre-ductal saturation is higher than the postductal saturation (3 to 7 % difference), differential cyanosis exists. This differential cyanosis is seen in left heart obstructive lesions such as Coarctation of Aorta, interrupted aortic arch, hypoplastic left heart syndrome, critical aortic stenosis or pulmonary hypertension with PDA. This provides information about the structural abnormality and anatomy. Clinical finding Diagnosis Cyanosis and clubbing of the toes associated with pink fingernails of the right hand and cyanosis and clubbing of the left hand PDA with normally related great vessels and a reversed shunt as a result of pulmonary hypertension, with the patent ductus arteriosus delivering cyanotic blood to the left arm and lower extremities. Interruption of the aortic arch and a PDA delivering desaturated blood to the legs.If the right subclavian artery arises proximal to the aortic obstruction, the right hand can be pink and the left-hand cyanoticWhen an anomalous right subclavian artery originates from the descending aorta, both hands are cyanotic Cyanosis of the fingers greater than in the toes Complete transposition of the great vessels with preductal coarctation or complete interruption of the aortic arch, pulmonary hypertension, and a reverse shunt through a patent Ductus arteriosus, in this case delivering oxygenated blood to the lower extremities In TGA as the pulmonary artery is connected to the left ventricle, it carries the more oxygenated blood. The lower half of the body will have higher oxygen saturation compared to the upper part of the body in a condition known as reversed differential cyanosis. 
